Introduction
Food insecurity is "limited or uncertain availability of nutritionally adequate and safe foods or limited or uncertain ability to acquire acceptable food in socially acceptable ways" (1) . Recent evidence, mostly from the US, has suggested that limited access to food at the household level may be asso-ciated with overweight and/or obesity in women (2) (3) (4) (5) ; in children the evidence is mixed (6) . The few available reports on developing nations have shown different results. Whether such association also holds in countries undergoing nutrition transition is of question (7) . In Malaysia with rapid socioeconomic and demographic changes due to stable economic growth and political development, after adjusting for factors that are related to both adiposity and food insecurity, women from food insecure households were significantly more likely to have at risk level of waist circumference, but were not obese (8) . Reversely, in Colombia, food insecurity was highly prevalent and predicted underweight, but not overweight in both adults and school age children (9) . Townsend et al. (5) in 2001 proposed that food insecurity may influence body weight in two opposing ways: weight gain or weight loss. Food insecurity can influence weight gain by causing inappropriate eating patterns and this pathway may predominate in mildly food insecure households. On the other hand, severe food insecurity can promote weight loss. These associations may vary in different societies based on specific coping strategies in response to food insecurity (2) . The fact that both problems (overweight and under nutrition) can exist in the same households poses a dilemma both in inferring causality and in communicating nutrition problems to policy-makers and in planning nutrition interventions (3) . Iran is undergoing drastic epidemiologic and nutrition transitions. Rise in the prevalence of obesity and overweight, especially in women, is a feature that is turning into a major public health problem (10) . At the same time (early 2000s), food insecurity was prevalent in 23% of the Iranian households (11) . Exploring the probable association between the two is of great importance. The study entitled "Measurement and Modeling of Household Food Security in Urban Households in the City of Tehran" during 2009-2010 was a comprehensive study undertaken in 6 socioeconomically different districts of Tehran, and provided the opportunity for testing such possible association (12) . In this study, for the first time, Structural Equation Modeling (SEM) was used to explore possible causal relationships between household FI and weight status in women. The present analysis was designed to investigate the relationship between food insecurity and weight status of women in households residing in Tehran city, controlling for the effect of other related factors.
Materials and Methods
Design: This cross-sectional study was conducted in the framework of a study on "Measurement 
Through systematic cluster sampling, 418 households were selected from 6 districts (out of 22 districts) in Tehran, the capital of Iran. The number of households in each district was determined based on the population. The districts were chosen based on the socio-economic status (SES) of residents in the city municipality. As the highest SES groups in Tehran are residents of districts 1-3, about one third of the studied households were chosen from these districts. The same approach was taken for districts 10 and 12 as medium SES (middle incomes) and districts 18 and 20 as low SES districts (12) . The calculation of sample size and sampling frame was designed to represent adult women in the households of Tehran city. Consent was obtained from the male head of each household and his wife. Data were collected through home interviews by nutritionists who were trained in a one-week training workshop. . Waist circumference ≥88 cm was considered as abdominal obesity in women (13) . Food Intake Assessment: Food intake data were collected using three 24hour diet recalls (two week-days and one weekend holiday) by trained nutritionists in three consecutive days. Each interview took approximately 45 minutes to 1 hour. The interviewee was chosen among the household members who were responsible for food preparation and cooking (mainly the wife of the household head). Food Insecurity Measurement: A locally adapted version of the HFIAS (Household Food Insecurity Access Scale) originally developed by USAID's Food and Nutrition Technical Assistance (FANTA) project was used to classify households as food secure or mildly, moderately or severely food insecure. The HFIAS (Household Food Insecurity Access Scale) is an adaptation of HFSSM (Household Food Security Survey Module) which has consistently been validated as a statistically reliable and meaningful measure of food insecurity in the US (14) . The methodology for adapting and validating the scale is presented elsewhere (12) . Statistical analysis: The questionnaires were checked for incompleteness and irregularities before the second and third visits. Then each food item was coded. Special software was designed to enter food consumption data and do all calculations. To determine the nutrient content of existing Iranian household diets, a modified version of an old Iranian food composition table was used (15) . Because of insufficient data for bread, which is a major contributor to iron intake in Iranian diets, iron content data for Iranian flat breads were imported into the food composition tables based on biochemical analyses which took place after publication of the tables (11) . Data were analyzed by SPSS software (Ver 16.0) using analysis of variance (ANOVA) and Chi-square tests. Logistic regression was used to test the effects/association of SES and food security on weight status, simultaneously. P-values less than 0.05 were considered statistically significant. Structural Equation Modeling (SEM) was used to explore possible causal relationships between household FI and weight status in women by LI-SREL 8.5 software. Goodness of fit indices of the proposed model and path coefficients were estimated using Maximum likelihood. The "t" values greater than 2 were considered significant. The χ 2 /df ratio of 2.00 or less and Goodness of fit indices (GFI, AGFI) higher than 0.95 and PMSR near to 0.05 were considered as good fit (16) (17) .
Socio

Results
Food insecurity (severe, moderate and mild) characterized 11.5, 14.7, and 17.8% of households, respectively. The overall sample of women included 40.3% overweight and 33.0% obese. Only 4 women (1%) were underweight, thus underweight and normal-weight women were pooled into one group in all analyses. Waist circumference in 44.4% of women was identified as at risk. Figure 1 , presents the prevalence of under-and normal weight, overweight, and obesity in relation to household food insecurity. There was no significant difference between the three groups in term of food security status. Tables 1 and 2 compare demographic and socioeconomic characteristics of the households for under-and normal weight, overweight and obese women. Age, family size, score of facilities in the house, and food expenditures were significantly higher for overweight and obese women as compared to under/normal weight women. 
Fig.1:
Prevalence of under-and normal weight, overweight and obesity in different levels of household food insecurity in Tehran/ no significant difference using chi-square Obese women reported lower consumption of vegetables and fats; as well as energy and all macronutrients compared to under-and normal weight women (Table 3 and 4) . For women in moderately food insecure households, the risk of overweight was lower (OR 0.41, CI95%:0.17-0.99, P<0.05). In severely food insecure households, however, the risk of abdominal obesity in women was significantly elevated compared to those in food secure households (OR 2.82, CI95%:1.12-7.08, P<0.05) ( Table 5 ). The model shown in Table 5 was adjusted for additional variables including marital status, age, educational and occupational level of household head and spouse, family size, possession of house, number of rooms, score of facilities in the house, monthly expenditure, and income and consumption of food groups. No potential causal relationships were found between food insecurity and weight status (based on BMI and waist circumference) of the studied women, based on SEM (t<2) (Fig. 2) . Confirmatory factor analysis categorized the 9 items of HFIAS into two factors (FI1 and FI2). 
Discussion
The findings show that urban Tehrani women in severely food insecure households are more likely to be centrally obese or have high WC than those in food secure households. Adversely moderate food insecurity was negatively associated with overweight in women. However, path analysis revealed no potential causal relationships between FI and weight status.
A number of studies in developed countries have shown strong associations between food insecurity and obesity among women (18) (19) (20) . Gender and marital status may also have effects on the associations between food insecurity and body weight in NHANES participants (21) . Compared with fully food-secure women, those in marginally food-secure households showed a tendency to be overweight, whereas women with low food security were more likely to be obese (21) . Food insecurity was related to a greater likelihood of obesity among married women, those living with partners, and widows, as compared to never-married women. Our findings also confirm the association between severe food insecurity and the likelihood of abdominal obesity among women; there was not enough variation in the marital status variable to explore a relationship between marital status and obesity.
In our previous work, we had reported that overweight in women from severely and moderately food insecure households, was 1.5 times more (P<0.001) and in mild food insecure households1.2 times (P<0.001) more than their food secure counterparts (22) . However, the definition of food insecurity was based on three levels of daily energy intake and it can ignore the fact that overweight and obese individuals may actually consume less dietary energy in order to control their weight. Many of these studies were cross-sectional analyses using only a few response variables to determine FI. The study by Kaiser et al. (23) examined FI and obesity in low income Latino women in California using both the 18-item US Household Food Security Scales and a single item on food insufficiency. The single item measure showed no relationship while the larger scale showed a significant relationship between obesity and FI. Future research, using better instruments to measure FI, may find stronger associations. While the work done to date does indicate an association between food insecurity and overweight, stronger study designs is required to determine causal relationships.
In a prospective study (24) on 1707 mothers of preschool children, changes in food security status over 2 year were not significantly associated with changes in weight. These findings do not support a causal association between food insecurity and obesity. However, the two-year period of this study probably is not long enough to detect such a causal relationship. Olson and Strawderman (25) showed obesity combined with food insecurity presented the greatest risk for major weight gain in a cohort sample of women in childbearing age and obesity appeared to lead to food insecurity rather than the converse. In developing countries, the limited numbers of studies has revealed inconsistent results. In Malaysia, Shariff and Khor (8) examined nutritional outcomes related to body fat accumulation of food insecurity among women from selected rural communities. Using the Radimer/Cornell Hunger and Food Insecurity Instrument, after adjusting for factors that are related to both adiposity and food insecurity, women from food-insecure households were significantly more likely to have at risk WC, but no association was observed with obesity. In Uganda (26) , the association of food insecurity with overweight and at-risk waist circumference, after adjusting for potentially confounding effects of several factors was diminished. It was concluded that the potential impact of food insecurity on weight status may partly be expressed via variations of such factors. In Colombia, Trinidad and Tobago, hunger in the household was significantly associated with maternal underweight, but not overweight. These studies concluded that food insecurity does not necessarily predict overweight in countries undergoing nutrition transition (9, 27) . Association between SES and obesity is also attributed to the degree of economic development of the country (28) . BMI in women was positively related to energy intake, age, and dependency ratio and negatively associated with educational level (29) (30) . At the time of the study, women with higher educational levels may have been more likely to be employed than the others, and thus have had higher physical activity, and more adequate dietary intake. Therefore, education and occupation may help to prevent overweight/obesity in women (29) . Further studies on employed women indicated that type of job and socio-economic status of women probably affects this association (31) . The mechanism behind the association observed between food insecurity and obesity among women remains unclear. Researchers have suggested a number of mechanisms, most having to do with low income mothers' coping strategies, including managing limited resources of food and sacrificing their own nutrition in order to protect their children from hunger (14) . It is believed that inadequate resources and putting children's needs first, can create a chronic "feast or famine" situation, which appears to contribute to maternal obesity. Food deprivation can cause a preoccupation with food that has the potential to cause obesity, which results in overeating at the times during which they have access to adequate amounts of food (32) (33) . Women lacking adequate resources may be purchasing less expensive energy-dense foods, such as refined grains, sugar, and fat in order to stave off hunger, or avoiding fruits and vegetables because of their cost (34) . Food insecurity and obesity may be associated because they both share a common cause: poverty. In particular, poverty in childhood may play this role. Hunger and food insecurity related to poverty in childhood may contribute to poverty's impact on adult obesity (32) . In addition, food insecurity may be a stressor that results in a stress response that leads to disordered eating, reduced physical activity and depression, all of which may be related to weight gain (35) , or food insecurity and/or poverty may cause a stress response that is hormonal, causing central patterning of fat deposition (32) . Furthermore, low-income families live in neighborhoods with more obesogenic characteristics. It is shown that grocery stores in lowincome neighborhoods are less likely to have healthy foods, mainly due to the higher price of such foods (36) . In Iran, households with low socio-economic status consume higher amount of bread, cereals, and sugar and lower fruits, vegetables, and milk than high SES groups (37) (38) . Change in the price of the last three food groups is shown to have effect on the level of their consumption by low-income households (39) . In addition, low-income neighborhoods often have few safe or attractive places to play or be physically active. Open space is at a minimum and recreational facilities often are inadequate. Less pleasant scenery in low-income neighborhoods on one hand (14, 32) and socio-cultural norms, including dress codes in traditional and religious societies including Iran, discourages recreational walking, especially in women (40) . Important limitations to the present study, included lack of data on physical activity level and receiving food support from the government relief program (Relief Committee of Imam Khomeini) in the studied households. The latter variables could be important factors influencing the relationship between food insecurity and weight status for women (33) .
Conclusion
In the present study, for the first time, SEM was used for modeling the relationship between FI and weight status of women. Although no causal relationships between FI and weight status of women was observed, it was shown that central obesity is more likely in severely food insecure households of Tehran City while moderate food insecurity was negatively associated with overweight in women. The findings are in line with those in other developing countries with the same degree of development, such as Malaysia. 
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